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(57) ABSTRACT 

A heterojunction structure composed of a nitride semicon 
ductor thin ?lm and nanostructures epitaxially grown 
thereon exhibits high luminescence ef?ciency property due 
to facilitated tunneling of electrons through the nano-siZed 
junction, and thus can be advantageously used in light 
emitting devices. 
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Fig.1a 
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Fig.1c 
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Fig.2c 
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HETEROJUNCTION STRUCTURE OF NITRIDE 
SEMICONDUCTOR AND NANO-DEVICE OR AN 

ARRAY THEREOF COMPRISING SAME 

FIELD OF THE INVENTION 

[0001] The present invention relates to a novel heterojunc 
tion structure comprising a nitride semiconductor ?lm and a 
nanostructure epitaxially groWn thereon, Which provides 
nano-devices having improved luminescence properties. 

BACKGROUND OF THE INVENTION 

[0002] The Gallium nitride (GaN)-based blue light emit 
ting diode (LED) developed by Nichia Chemical Co., Ltd. in 
1992 uses a GaN p-n thin ?lm junction to provide blue and 
green LED devices, and in 1997, a short Wavelength (404 
nm) blue LED having a life span of about 10,000 hours at 
room temperature has been developed using a nitride semi 
conductor. 

[0003] Such light emitting devices, hoWever, comprise a 
gallium nitride in the form of a thin ?lm deposited on a 
sapphire substrate Which requires a high manufacturing cost 
and gives a relatively loW luminescence ef?ciency. 

SUMMARY OF THE INVENTION 

[0004] Accordingly, it is an object of the present invention 
to provide a novel nitride-based structure Which can be 
formed on a substrate other than sapphire and facilitates 
electron tunneling, thereby making it possible to provide 
nitride semiconductor-based nano-devices having high 
light-emission properties at a loW cost. 

[0005] It is another object of the present invention to 
provide a nano-device or an array thereof comprising such 
a structure. 

[0006] In accordance With one aspect of the present inven 
tion, there is provided a nitride semiconductor-based het 
erojunction structure composed of a nitride semiconductor 
thin ?lm and a nitride nanostructure epitaxially groWn 
thereon. 

[0007] In accordance With another aspect of the present 
invention, there is provided a nano-device or an array 
thereof comprising said heterojunction structure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] The above and other objects and features of the 
present invention Will become apparent from the folloWing 
description of the invention, When taken in conjunction With 
the accompanying draWings, Which respectively shoW: 

[0009] FIGS. 1a, 1b and 1c: schematic diagrams of the 
light emitting diode devices comprising heterojunction 
structures in accordance With the present invention; 

[0010] FIGS. 2a, 2b and 2c: electron microscope scans of 
the GaN-based p-n heterojunction structures obtained in 
Examples 1 and 2 of the present invention; and 

[0011] FIG. 3: the light emission spectrum of the LED 
obtained in Example 2 of the present invention, Which 
comprises the heterojunction structure formed by epitaxially 
groWing n-type GaN nanostructures on a p-type GaN thin 
?lm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0012] The inventive heterojunction structure is charac 
teriZed by comprising a nitride semiconductor thin ?lm and 
a nitride nanostructure epitaxially groWn thereon. 
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[0013] Also, a nano-device comprising said heterojunc 
tion structure can be fabricated by forming electrodes using 
a thermal or electron beam evaporation technique on the 
opposing surfaces of the nitride semiconductor thin ?lm and 
nanostructures of the heterojunction structure. 

[0014] The semiconductor types of the nitride thin ?lm 
and nanostructures groWn thereon are selected to form a p-n 
or n-p type heterojunction structure. 

[0015] In the inventive heterojunction structure, the nitride 
semiconductor thin ?lm may be in the form of a single 
crystal, or a thin ?lm formed on a substrate such as sapphire, 

A1203, silicon (Si), glass, quartz, silicon carbide (SiC) plate, 
etc., using a conventional metal organic chemical vapor 
deposition (MOCVD) method Which comprises heating a 
substrate and bringing the vapors of appropriate precursors 
of a nitride into contact With the surface of the substrate 
under a subambient pressure. 

[0016] In the present invention, an inexpensive and readily 
processible material such as silicon, glass, etc. can be used 
as a substrate in place of a nonconductive sapphire substrate 
Which is hard to process and has a small siZe of 2 in2 or less, 
Which makes it possible to mass-produce a nitride based 
structure on a large area at a loW cost. 

[0017] The nitride semiconductor thin ?lm of the inven 
tive structure may have a thickness ranging from 50 nm to 
200 pm. 

[0018] Representative examples of the nitride semicon 
ductor material for a thin ?lm are GaN, AlN, InN, and a 
nitrogen compound containing GaN, AlN, InN or a mixture 
thereof; and preferred is GaN. 

[0019] Further, the nitride semiconductor nanostructure 
groWn on the nitride thin ?lm may be a nitride semiconduc 
tor nanorod, nanotube, or core-shell nanostructure having a 
shell coating of a nitride material such as GaN, InGaN, 
AlGaN, etc. Examples of the core-shell nanostructure are a 
nitride-coated ZnO-nanorod such as a GaN/ZnO nanorod, 
from Which a nanotube can be obtained by removing the 
ZnO core therefrom. 

[0020] The nanostructures may be epitaxially groWn onto 
a nitride semiconductor thin ?lm using a conventional metal 
organic chemical vapor deposition (MOCVD) method 
Which comprises bringing the vapors of metal organic pre 
cursors into contact With the surface of a thin ?lm, or using 
a molecular beam epitaxy (MBE) method Which comprises 
irradiating an ion beam on a target so that the target material 
can be groWn on a thin ?lm, as is Well knoWn in the art. 

[0021] The nanostructure formed on a thin ?lm may have 
a diameter in the range of 5 nm to l um (not inclusive) and 
a length in the range of 5 nm to 100 um. 

[0022] The nitride semiconductor thin ?lm and nanostruc 
tures may each be obtained in a desired form by controlling 
reaction conditions such as the amount of gaseous reactants 
introduced into a reaction chamber, deposition temperature 
and time, etc., during their groWth. 

[0023] The inventive heterojunction structure composed 
of a nitride semiconductor thin ?lm and nanostructures such 
as nanorods, nanotubes and core-shell nanorods vertically 
groWn thereon can be used for LED devices as shoWn in 
FIGS. 1a, 1b and 10, respectively. 
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[0024] The heterojunction structure according to the 
present invention may be a p-n or n-p nano junction Which 
facilitates electron tunneling to increase the light emission 
area, and thus can be used for LED or a display having high 
luminescence ef?ciency at room temperature or higher. 

[0025] Also, since one-dimensional nitride nanomaterials 
are formed epitaxially on a thin ?lm in the inventive 
heterojunction structure, an array of LED comprising the 
structure can be easily assembled to fabricate various nano 
systems or integrated circuits. 

[0026] The folloWing Examples are intended to illustrate 
the present invention more speci?cally, Without limiting the 
scope of the invention. 

EXAMPLE 1 

The GroWth of Core-Shell Nanostructures on a 
Nitride Semiconductor Thin Film 

[0027] An Mg-doped GaN thin ?lm Was deposited on an 
A1203 substrate using a conventional MOCVD technique 
and annealed, to obtain a p-type GaN thin ?lm having a 
thickness of 2 um. The metal organic precursors used Were 
trimethylgallium (TMGa) and bis(cyclopentadienyl) mag 
nesium ((C5H5)2Mg); and the nitrogen precursor, NH3. 

[0028] Then, n-type ZnO nanorods Were vertically groWn 
on the p-type GaN thin ?lm thus obtained, by an MOCVD 
technique using diethylZinc (Zn(C2H5)2) and 02 With an 
argon (Ar) carrier gas. The reactor pressure and temperature 
Were maintained in the ranges of 0.1 to 1,000 torr and 200 
to l,000° C., respectively, during one hour nanorod groWth 
time. 

[0029] After the completion of the groWth of the n-ZnO 
nanorods on the p-GaN thin ?lm, n-GaN Was coated on the 
surface of the n-ZnO nanorods by injecting gaseous TMGa 
and NH3 into the reactor and reacting the vapors for 1 to 30 
minutes, to obtain an n-p heterojunction structure compris 
ing n-GaN/n-ZnO nanorods having a shell/core structure 
groWn on the p-GaN thin ?lm. The reactor pressure and 
temperature Were kept in the ranges of 0 to 760 torr and 400 
to 700° C., respectively, during the GaN coating. 

[0030] When p-type nanorods Were desired, p-type doping 
Was performed by adding (C5H5)2Mg to the above n-type 
nanorod groWth condition. 

[0031] A scanning electron microscope (SEM) photograph 
of the n-p heterojunction structure thus obtained, n-GaN/n 
ZnO nanorods groWn on a p-GaN thin ?lm, is shoWn in FIG. 
2a. As shoWn in FIG. 2a, GaN/ZnO nanorods having a 40 
nm diameter and 1 um length Were uniformly and vertically 
groWn on the surface of the GaN thin ?lm. Further, an X-ray 
diffraction (XRD) study shoWed that the nanorods are epi 
taxially groWn in the (0001) orientation on the GaN thin ?lm 
substrate having the same orientation. 

[0032] Subsequently, the removal of the ZnO core portion 
of GaN/ZnO nanorods Was carried out by injecting H2 or 
NH3 at a How rate in the range from 100 to 2,000 sccm into 
the reactor, While maintaining the reactor pressure and 
temperature in the ranges of 10-5 to 760 mmHg and 400 to 
9000 C., respectively, to obtain a heterojunction structure 
comprising n-GaN nanotubes groWn on a p-GaN thin ?lm. 

EXAMPLE 2 

Fabrication of a Light Emitting Device 

[0033] Light emitting diodes Were fabricated using the 
heterojunction structures prepared in Example 1 as folloWs. 
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[0034] First, the free space around the nanostructures, 
GaN/ZnO nanorods or GaN nanotubes, groWn on a GaN thin 
?lm, Was ?lled up by depositing an insulating material 
thereon, and then, the tip portion of the nanostructures Was 
exposed by etching using a plasma. Subsequently, a Ti (10 
nm)/Au (50 nm) top ohmic electrode Was formed at the tip 
portion of the etched n-type nanostructures; and a Pt (10 
nm)/Au (50 nm) bottom electrode, on the p-type GaN thin 
?lm, by a thermal or electron beam evaporation technique. 
The applied accelerating voltage and emission current Were 
in the ranges of 4 to 20 kV and 40 to 400 mA, respectively, 
during the electrodes deposition, While keeping the reactor 
pressure at around 10-5 mmHg, and the substrate tempera 
ture at room temperature. 

[0035] The cross-sectional morphology of the top elec 
trode-formed GaN/ZnO nanorods Was investigated by scan 
ning electron microscopy (SEM) and the result is shoWn in 
FIG. 2b; and a transmission electron microscope (TEM) 
photograph of the GaN/ZnO nanorods in the heterojuncion 
structure is shoWn in FIG. 20. 

[0036] Also, a light emission spectrum of the LED thus 
obtained is shoWn in FIG. 3. The light emission Was strong 
enough to be visually recogniZable and its intensity did not 
decrease during a long period (several tens of cycles) of 
repeated operation. Further, as shoWn in FIG. 3, the device 
has emission peaks at around 3.25 eV and 2.96 eV. 

[0037] The above result suggests that the inventive het 
erojunction structure of a nitride semiconductor thin ?lm 
having epitaxially groWn nanostructures has an excellent 
light emission property. 

[0038] While the embodiments of the subject invention 
have been described and illustrated, it is obvious that various 
changes and modi?cations can be made therein Without 
departing from the spirit of the present invention Which 
should be limited only by the scope of the appended claims. 

1. A process for preparing a heterojunction structure 
comprising forming a nitride semiconductor thin ?lm and 
directly groWing a nitride nanostructure epitaxially thereon. 

2. (canceled) 
3. The process of claim 1, Wherein the nitride semicon 

ductor thin ?lm is in the form of a single crystal, or is formed 
on a substrate selected from the group consisting of a 
sapphire, A1203, silicon (Si), glass, quartZ and silicon car 
bide (SiC) plate. 

4. The process of claim 1, Wherein the nitride semicon 
ductor thin ?lm has a thickness ranging from 50 nm to 200 
pm. 

5. The process of claim 1, Wherein the nanostructure is a 
nitride nanorod or nanotube having a diameter in the range 
of 5 nm to 1 um (not inclusive) and a length in the range of 
5 nm to 100 um. 

6. The process of claim 1, Wherein the nitride semicon 
ductor and the nitride nanostructure are each independently 
made of a material selected from the group consisting of 
GaN, AlN, InN, and a nitrogen compound containing GaN, 
AlN, InN or a mixture thereof. 

7. (canceled) 
8. (canceled) 


